Abstract
sites of the MOTUHS study in Abidjan were invited to participate in MOTUHS-BOT. The study protocol for the MOTUHS-BOT study is available at on our institutional website [22] .
Participants and setting
Patients were consecutive HIV-1-infected people aged 18 years or older who received ART for at least 1 year and attended consultations in two public centers (the Centre de Prise en Charge et de Formation [CePReF] in Yopougon and the Centre de suivi des donneurs de sang du Centre National de Transfusion Sanguine [CNTS] in Treichville and one private center (the Centre Intégré de Recherches Biocliniques [CIRBA] in Treichville). These sites have more than 15 years' experience in HIV care. All patients provided written informed consent before participating in the study. The study was approved by the National Ethics Committee from the Ministry of Health of Côte d'Ivoire. All methods were performed in accordance with the relevant guidelines and regulations.
Assessment of patients' workload of care
Three research associates collected information on participants' workload of care during semistructured interviews using a method inspired by the daily reconstruction method (DRM) [23] . The DRM is a hybrid approach that combines a time-use study with a technique for recovering affective experiences to precisely reconstruct all HRAs performed by patients in their context.
First, participants recalled all HRAs performed in the last 30 days during an unstructured discussion starting with the question: "Could you tell us about all the things you did in the last 30 days that were related to your health or care?" Investigators helped them by using a history calendar personalized with patient-reported landmarks (i.e., important life events that occurred in the time period such as birthdays, holidays, weddings, etc.) [24] and specific cues to improve the completeness of answers (e.g., "Did you have to make an appointment, attend visits or tests, visit traditional care providers, refill medications, retrieve results from tests/ exams?").
Then, for each identified HRA, participants answered a series of structured questions. First, they clarified the nature of the activity as medication management, physical exercise, dietary changes, appointment organization, visits to healthcare providers, exams or tests, visits to traditional practitioners, visits to the pharmacy, organization of drugs at home, health-related shopping, attendance at support or educational groups, or health-related administrative tasks. Second, they assessed the time spent on the activity by specifying the time when the activity began and ended, including transportation and waiting times. Third, they reported the direct financial costs involved (e.g., money spent on transportation, doctor visits or medications). Finally, they reported the opportunity costs of the HRA. Opportunity costs were defined as activities patients would have performed if they had not performed the HRA. They were investigated by the following question: "If you did not have to go to the doctor on that day, what would you have spent your time on?" Answers were classified with a list used in similar surveys [23] : working, engaging in social activities, housework, relaxing, eating, napping, watching television, shopping or enjoying leisure time.
Other data collected
Besides information on participants' workload of care, we obtained information on their selfreported adherence behaviors for ART using the questionnaire by Sidorkiewicz et al. [25] This 5-item tool describes patients' adherence behaviors for each drug taken on a scale from 1 (absence of schedule errors and no omissions or drug holidays) to 6 (drug discontinuation).
We considered that patients had good adherence behaviors for ART if they reported no drug omissions or drug holidays for any of their drugs; moderate adherence if they reported some drug omissions or short drug holidays for at least one of their drugs; and poor adherence if they reported long drug holidays (>6 days), systematically skipped a daily dose, or discontinued at least one of their drugs.
Participants' self-reported data were also enriched by data extracted from their medical records (age, sex, date of diagnosis, last CD4 count, current antiretroviral treatment, etc.) and from the MOTUHS study (educational level, individual income, and HIV-1 RNA viral load; virological failure was considered with HIV-1 RNA viral load >100 copies/mL [26] ).
Analysis
Description of PLWHIVs' workload of care. We described the workload of care in our population by using five aggregate estimates: 1) total time spent in HRAs during the study period; 2) temporal dispersion of these HRAs (i.e., as the variance of the time intervals between HRAs); 3) ratio of health expenditures to patients' revenue during the period; 4) opportunity cost, defined by the time patients could have spent doing something else; and 5) pill burden, defined as the total number of pills patients took every day.
However, our simple separate aggregate measurements may not accurately reflect the complexity of patients' workload of care at the individual level. For example, two patients could have spent the same time in HRAs during the study period but with different activities, durations, monetary costs and opportunity costs. Therefore, we used an unsupervised learning method to uncover cohesive patterns of workload of care within our population. This method involved three steps. First, we computed a similarity distance between individuals by using Euclidean distances for the five key components of the workload of care described earlier (i.e., time spent in the different HRAs, temporal dispersion of HRAs, ratio of expenditures to patients' revenue in the period, time patients could have spent in the different opportunities lost and total number of pills patients took every day). Second, we used individual difference scaling models to assess the structure of the resulting multidimensional data [27] . Finally, we identified homogenous groups of patients within this structure by using ascendant hierarchical clustering with Ward's distance method.
Association between workload of care, adherence to ART and virological failure. We described how each workload of care pattern was associated with adherence to ART and virological status by using multilevel models, with study center as a random coefficient, and adjusted for age, sex, presence of multimorbidity (defined as the presence of at least one chronic condition not associated with HIV), square root transformed last CD4 count [28] , time since start of ART (< 3 years vs >3 years) and educational level (primary school or less vs higher education).
Theoretical avoidable workload of care by re-organization of healthcare visits. We hypothesized that some of PLWHIVs' workload of care was generated by the fragmentation of care and could be avoided if patients' visits and tests could be grouped on the same days. We defined this theoretical "avoidable workload of care" as the resources invested by patients in terms of time, money and energy, which could be saved by grouping two doctor visits or tests: 1) occurring on different days; 2) spaced by less than 7 days; and 3) performed in the same geographic location (e.g., same hospital, same clinic, etc.). For each patient in our study, we assessed this theoretical avoidable workload of care in terms of gain in transportation time and money savings.
Analyses involved use of R v3.3 (http://www.R-project.org, the R Foundation for Statistical Computing, Vienna, Austria).
Results

Participants
From July 2016 to September 2016, 476 participants were included in the three study sites. Mean age was 44.8 years (SD = 9.3) and 345 (72%) participants were female. Participants were receiving ART for a mean of 7.2 years (SD = 3.6). One third of patients (n = 159, 33%) reported at least one other chronic condition not related to HIV, such as gastric ulcer or gastroesophageal reflux disease (n = 66); asthma (n = 27); hypertension (n = 27); or diabetes (n = 13) ( Table 1) . The sex ratio, duration of ART treatment and CD4 count at treatment initiation were globally similar for our patients and those from the IeDEA HIV registry in West Africa [29, 30] . In our sample, 347 (72.9%), 118 (24.8%) and 11 (2.3%) participants reported good, moderate and poor adherence behaviors for ART, respectively, and 65 (13.6%) had a viral load > 100 copies/mL and so considered with virological failure.
Description of PLWHIVs' workload of care
Using aggregate estimates. Mean total time spent in HRAs was 6.7 hours (SD = 6.3). HRAs encompassed both "routine" at-home activities (e.g., medication management or spending extra time shopping to avoid eating specific foods) and non-routine out-of-home activities (e.g., doctor visits, pharmacy visits [including ART refills], tests, support groups) (S1 Table) . Patients spent 49% of this time (SD = 32), on average, in transportation or waiting rooms (Fig 1) .
Temporal dispersion of HRAs during the study period was uneven. The standard deviation of intervals between HRAs was 3.4 days (range 0-21 days), on average. Among patients with multiple HRAs (n = 305), these were grouped on same days for 139 (45%).
The ratio of health expenditures by patient revenue was 5% (SD = 11), on average. Patients spent a monthly mean expenditure in HRAs of 7.5 US dollars (SD = 15.2).
Opportunity costs involved patients performing HRAs instead of working (n = 496), doing housework (n = 197), relaxing (n = 88), caring for children (n = 47), spending time with friends (n = 41), or praying (n = 17). 
Concerning pill burden, patients reported taking 5.6 pills per day (SD = 3.9), of which 2.8 (SD = 1.7) were related to ART.
Aggregate estimates for the workload of care of PLWHIV are presented in subgroups by type of clinic where patients received care (S2 Table) and by sex (S3 Table) .
Uncovering cohesive patterns of workload of care within our population. Our data exhibited high heterogeneity in patients' workload of care. For example, patients' investment of time in healthcare could vary from half an hour per month (for patients reporting spending approximately 1 minute per day in drug taking) to 58 hours per month (for patients with multiple visits and following advice to spend a regular time doing physical activity). Our unsupervised learning method identified six cohesive patterns of workload of care in our population. All patterns displayed a comparable mixture of activities and opportunity costs. However, they differed in mean total time spent in HRAs, temporal dispersion of HRAs, pill burden, and health expenditures. Pattern A involved patients with a "low workload of care", taking few pills every day (mean 2. , with low to moderate temporal dispersion of HRAs and with low to moderate health expenditures (from 3% to 10% of their revenues, on average). Pattern E involved patients with a "high workload of care," who had a high temporal dispersion of HRAs and high health expenditures (26% of their revenues, on average). Pattern F involved patients with a "high pill burden" (mean number of drugs taken every day 11 [SD = 4.5]) ( Table 2 and Fig 2) . 
Number (%) of patients with a work opportunity cost
54 (40) 39 (34) 26 (55) 54 (63) 27 (64) 13 (25) Number (%) of patients with a housework opportunity cost 26 (19 16 (14) 16 (34) 24 (28) 9 (21) 17 (32) Relative financial costs (US dollars)-Mean (SD) 1 (2) 3 (12) 10 (8) 8 (9) 26 (24) 
Number (%) of patients with imperfect adherence
38 (28) 36 (32) 10 (21) 23 (27) 11 (26) 11 (21) Number (%) of patients in virological failure 16 (12) 11 (10) 6 (13) 11 (13) 6 (14) 15 (28) https://doi.org/10.1371/journal.pone.0202911.t002
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Fig 2. Workload of care in each pattern of workload of care identified (n = 476). Each panel shows a different aspect
Association between workload of care, adherence to ART and virological failure
No pattern of workload of care was associated with adherence to ART (S4 Table) . However, virological control was significantly better for patients with a Pattern A workload of care (low workload) than other patterns (S5 Table) : OR = 0.32 [95% CI 0.15-0.69] (p = 0.003) (S5 Table) .
Theoretical avoidable workload of care
In our sample, 107 PLWHIV (22% of the total population and 35% of the patients with !2 non-routine HRAs) had at least two clinic visits or tests that could have been theoretically grouped to minimize transportation time. For these patients, mean gain of transportation time by reorganization of non-routine HRAs would be 84 min (SD = 77 min) per month, representing a mean decrease of 21% of their time devoted to non-routine HRAs (Fig 3) . Potential money savings for these patients was 2.9 US dollars (SD = 4.1) per month, on average, representing a mean decrease of 19% in reported health expenditures within the study period.
Discussion
To our knowledge, this is the first study to comprehensively describe the workload of care of PLWHIV in Sub-Saharan Africa in terms of time spent in health activities, opportunity and financial costs. Two main results emerged from our study. First, the workload of care for "chronic" PLWHIV (i.e., those under ART for at least 1 year) is complex, with high interindividual heterogeneity. Our analysis led to the identification of six different patterns in the workload of care of PLWHIV in terms of number of, time spent in and frequency of HRAs; pill burden; or health expenditures. After adjustment for confounders, patients in the "low workload of care pattern" were more frequently virologically controlled. This association may support theoretical models hypothesizing that higher workload of care could lead to disengagement from care by PLWHIV [12] . Second, we showed that simple adjustments in the schedule of patients' visits could reduce both time spent in health activities and transportation expenditures by approximately 20% for patients with multiple activities during the month. In the literature on chronic illnesses, the workload of care has usually been summarized by simple estimates such as the total time spent in HRAs or health expenditures [31, 32] . However, such measures are simplistic and ignore the complexity of the workload of care. Two patients could have spent the same amount of time in HRAs but with a complete different time allocation and different opportunity costs. By combining the Daily Reconstruction Method, a method inspired from sociology, and advanced statistical methods, we were able to microscopically describe and identify emerging patterns of the workload of care in our population. We highlight that key indicators to discern patients' workload of care were pill burden, health expenditures and temporal dispersion of health activities. Pill burden is well known to be an important factor of patients' burden of treatment and to affect virological suppression of PLWHIV [33] . Single-tablet regimens have been found useful to reduce the number of ART pills taken by patients and improve their outcomes [34] , but our study showed that 73% of our patients were still under multiple-tablet ART regimens (mean number of ART pills taken daily: 2.8 [SD = 1.7] ). In our study, PLWHIV had high health expenditures even though ART and CD4 count tests are free of charge in Côte d'Ivoire [21, 35] . Indeed, besides these medications, patients still need to pay for other medications and other biological tests, visits, and transportation. In a context of resource scarcity, these costs may play an even greater role in patients' disengagement from HIV care [36] . Finally, temporal dispersion of health activities and especially frequent visits and refills to obtain treatment have been identified as contributing to the burden of treatment for PLWHIV [37] and for patients with chronic conditions in general [6] . Some trials have started investigating how re-organization of care services in SubSaharan Africa could reduce the workload of PLWHIV [38, 39] . Regardless, much work still needs to be done. In this study, we showed that simple adjustments in visit schedules could theoretically reduce the number of days lost to non-routine HRAs and health expenditures for patients with multiple visits. In the present study, we explored only the gain from grouping visits and tests on the same days.
Our study is one of the first to quantify the impact of workload of care variables (time required per visit, frequency of visits, etc.) on patients' adherence to ART and virological Avoidable workload of care for patients living with HIV in Abidjan, Côte d'Ivoire: A cross-sectional study failure in Sub-Saharan Africa. During analysis, we showed an association between high workload of care and virological failure. Due to the cross-sectional nature of our study, our results are not sufficient to conclude on the existence of a causal link between workload of care and engagement in HIV care. These results still support qualitative studies and models on the factors associated with the HIV care continuum in low-and middle-income countries [12, 40, 41] : avoidable workload of care may contribute to poor engagement in the HIV continuum, non-adherence to treatment and worse outcomes [11, 12] . Prospective research is needed to evaluate the impact of simple and low-cost adjustments in visit schedules to reduce patients' workload of care on "hard" outcomes such as adherence and disease control.
Our study has some limitations. Workload of care estimates from this study must be generalized with caution. Indeed, despite recruiting consecutive participants, with a population structure close to those described in large epidemiological studies in West Africa [29, 30] , participants in our study were all located in a single large metropolitan city in Sub-Saharan Africa. Similarly, health expenditures may be country-and region-specific. Second, we may have underestimated the workload of care because interviews were focused on "activities" (i.e., "doing" the work, monitoring and appraisal) while not asking about the time and energy spent in making sense of health information, planning care or enrolling informal caregivers [42] . Third, we used an existing patient-reported instrument to assess adherence behaviors for ART [25] . This scale was not adapted specifically for our context, but its simplicity (e.g., use of icons and graphics to help respondents) limited the risk of bias due to cultural differences. Finally, when estimating the theoretical avoidable workload of care, we did not take into account the capacity of facilities to increase the number of patients using each health service (physicians, tests, ART refills), especially in the current context in which the number of patients under ART is booming.
Our findings have several implications. Although most of our patients (85%) had achieved viral suppression, patients still had a heavy workload of care in terms of time, opportunity and financial costs. Thus, clinicians, researchers and decision makers must start taking into account the workload of care and burden of treatment for PLWHIV to achieve the "fourth 90", that is, "good health-related quality of life for all patients who achieve viral suppression" [43] . Furthermore, our results point to the need to challenge the current organization of HIV care in Sub-Saharan Africa. In our study, half of the time devoted to HRAs was spent in transportation and waiting rooms. Simple adjustments to visit schedules could significantly reduce the workload of care for these patients and thus minimize the disruption healthcare has in their lives.
Conclusion
Our study shows that PLWHIV deal with complex care involving multiple different timeconsuming health-related activities. This workload of care could be avoided in part by simple adjustments in visit schedules for patients and could help improve retention in care and quality of life for these patients. 
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